Introduction {#sec1_1}
============

Primary liver cancer, chiefly hepatocellular carcinoma (HCC) and cholangiocellular carcinoma (CCC), is a leading malignancy in the world. Despite active treatments, prognosis is often poor. Combined hepatocellular-cholangiocarcinoma (CHC) accounts for 0.4--14% of primary liver cancers \[[@B1]\]. From the results of the expression of hepatocellular, cholangiocellular and progenitor cell markers, it is speculated that CHC originates from hepatic progenitor cells \[[@B1]\]. Genetic analyses have shown that CHC is more closely related to CCC than to HCC when it comes to patterns of loss of heterozygosity and beta-catenin and P53 mutations \[[@B2]\]. The prognosis of CHC is worse than for HCC, but better than for CCC \[[@B1]\]. The level of serum alpha-fetoprotein (AFP) may be one prognostic factor \[[@B1]\].

Programmed cell death 1 (PD-1) is a checkpoint molecule expressed by cytotoxic T lymphocytes that is crucial for self-tolerance. Tumor cells can express its ligands, PD-L1 and PD-L2, which by binding to PD-1 leads to T-cell exhaustion with subsequent impairment of immune responses directed against the tumor. This leads to immune tolerance against the cancer. Blocking this binding of tumor cell PD-L1 to PD-1 with a checkpoint inhibitor such as anti-PD-L1 or anti-PD-1 antibodies allows the immune system to destroy cancer cells. Checkpoint inhibitors have been shown to be useful in treating, for example, malignant melanoma, lung cancer and renal cell cancer and are presently being tested for many other malignancies.

Pembrolizumab is a humanized IgG4 isotype antibody that targets the PD-1 receptor of T-lymphocytes. The FDA initially approved pembrolizumab for the treatment of metastatic melanoma. In 2017, the FDA approved it for any unresectable or metastatic solid tumor with certain genetic anomalies such as mismatch repair deficiency or microsatellite instability (MSI).

It has been suggested that checkpoint inhibition could be useful in the treatment of HCC where there is expression of PD-1 and PD-L1 in the tumor microenvironment \[[@B3]\]. It is also suggested that high levels of PD-1 and PD-L1 expression may be useful as biomarkers to predict prognosis in patients with HCC \[[@B3]\]. Finkelmeier et al. \[[@B4]\] demonstrated that high soluble PD-L1 in serum indicated a poor outcome in patients with HCC. In September 2017, the FDA approved another PD-1 blocker, nivolumab, as a second-line treatment for HCC after failure to treatment with sorafenib.

So far there are no reports in the literature on the use of checkpoint inhibitors in CHC. We present a case where surgical resection of a large CHC in the liver and treatment of metachronous pulmonary metastases with pembrolizumab resulted in a complete cancer remission.

Case Report {#sec1_2}
===========

A 53-year-old woman presented with a palpable liver tumor confirmed by radiology (Fig. [1](#F1){ref-type="fig"}). The initial radiology workup showed no signs of extrahepatic tumors. AFP was 167,000 μg/L (reference \<10 μg/L) and CA19-9 48 kU/L (reference \<30 kU/L). A radical extended resection of the left lobe and segments V and VII was performed in February 2016. The resected tumor included a major lesion with the largest diameter of 27 cm and two satellite lesions sized 25 and 30 mm, respectively. The resection surface was free of cancer.

Histology demonstrated a poorly differentiated CHC. There were no tumor areas with ordinary hepatocytes or cholangiocytes, rather all cells had mixed features of both HCC with trabecular growth and CCC with tendency for glandular formation. There was also a vascular invasion. Lymph nodes (two) were free of cancer.

Immunohistochemical staining of the primary liver tumor showed positive responses for Arginase 1, AFP and Glypican 3, Cytokeratin 7 and 19, MUC1, and carbonic anhydrase, and Ki-67 in 20%. Negative responses were found for hepatocyte, CK20, vimentin, MUC2, SMAD4, WT1, TTF1, CDX2, chromogranin A, synaptophysin, ER, PR, GATA3, KIT, CD10, CD30, CD31, CD34, inhibin and HCG, OCT3/4, TFE3.

Immunohistochemistry was repeated for analysis of MSI in the primary tumor, and this turned out negative, which indicates a normal expression of MMR-proteins; thus, there was no support for MSI.

The patient recovered well from the operation, but at 6 months after surgery, a follow-up computerized tomography (CT) showed 6 metastases in the lungs, with the diameter of the largest nodule being 11 mm. Pulmonary biopsy confirmed metastatic low-differentiated CHC. The pulmonary metastatic tissue was studied for MSI with PCR, but no such signs were found. Immunohistochemical staining demonstrated positivity in CD3, CD4, CD8, and abundant infiltration of lymphocytes, and thus many CD8-positive cytotoxic T-lymphocytes.

PD-L1 analysis using antibody PD-L1 IHC 22C3 pharmDx, Dako/Agilent was performed twice in both the primary tumor and the pulmonary metastases and turned out to be negative.

Sorafenib treatment (400 mg ×2) was started in November 2016, but caused angioedema and was therefore stopped after 1 week. Treatment with gemcitabine and cisplatin, 1,400 mg (1,000 mg/m^2^) and 35 mg (25 mg/m^2^), respectively on day 1 and day 8, and a new cycle on day 29, was started in January 2017. During this treatment, however, there was a doubling of AFP from 710 to 1,590 μg/L and the treatment was therefore stopped after 2 treatment cycles in late February 2017.

A treatment program was then planned with pembrolizumab 2 mg/kg b.w. i.v. every third week and was started in March 2017. The first response evaluation by CT after 3 months of treatment showed that the number of pulmonary metastases had reduced from 6 to 3, and the largest diameter had reduced from 11 to 8 mm. The AFP level had dropped from 1790 to 52 μg/L within 2 months and became normal (\<10 μg/L) within 4 months after the start of pembrolizumab (Fig. [2](#F2){ref-type="fig"}).

The patient had some eye problems with blurring of the sight on the right eye. An ophthalmologist diagnosed a vitreous detachment. This was interpreted as being caused by nearsightedness due to mechanical factors and the ophthalmologist could not see a relation with the medication.

At 6 months following the start of the pembrolizumab treatment, a CT showed reduced sizes of the pulmonary metastases and AFP was stable at 5 μg/L. After 9 months of therapy, there was a complete radiological remission of the pulmonary metastases.

After 6 months of pembrolizumab therapy, however, there was a rise in her liver enzymes, with alanine aminotransferase (ALT) up to 940 U/L, aspartate aminotransferase (AST) 765 U/L, and alkaline phosphatase 330 U/L, but normal plasma bilirubin and INR. This led to the cessation of pembrolizumab treatment in October 2017. A liver biopsy demonstrated mild portal and lobular inflammation, compatible with hepatitis with inflammatory grade 1--2/4. The inflammatory infiltration contained mainly lymphocytes, but also neutrophils, eosinophils and ceroid-containing macrophages. Fibrosis stage varied from 0 to 2/4 according to Batts and Ludwig.

Antinuclear antibodies, smooth muscle antibodies, liver-kidney-microsomal antigen-1 antibodies, and anti-mitochondrial antibodies were all negative. Tests for viral hepatitis A, B, C and E, as well as cytomegalovirus were negative. Serum immunoglobulin G level was 1.3 g/L (reference 6.7--15.0 g/L). The findings were compatible with checkpoint inhibitor-induced immune-related hepatitis.

The patient was treated with prednisolone, initially 80 mg, then 40 mg, with subsequent dose reductions by 5--10 mg. Liver enzymes responded well to high-dose prednisolone, but once prednisolone doses were reduced to 25--30 mg/day, there were repeated relapses with rising ALT and AST. Due to the dependency on high-dose steroids, it was decided to start treatment with mycophenolate mofetil (MMF) in January 2018, initially 500 mg twice daily, and then raised to 1 g twice daily. By this time, around 9 months after the start of pembrolizumab, the patient had also developed nonhemorrhagic diarrhea and leg edema with hypoalbuminemia (19 g/L). All of these side effects, however, resolved by 2 weeks after initiation of MMF treatment. The liver enzymes became normal and have remained normal during follow-up. Prednisolone was slowly tapered, and stopped in September 2018, 11 months after her presentation with hepatitis. MMF was stopped in April 2019. As by January 2020, 33 months after the start of the checkpoint inhibition treatment, the patient is doing well, and AFP remains normal. Liver enzymes are all within reference limits.

The most recent CT of the thorax and abdomen from September 2019 (30 months after the start of pembrolizumab) shows no signs of malignancy.

Methods {#sec1_3}
=======

Immunohistochemistry {#sec2_1}
--------------------

The mismatch repair proteins MLHI, PMS2, MSH2 and MSH6 in tumor tissue were analyzed using immunohistochemistry. Formalin-fixed tumor sections were analyzed for MLHI according to instructions from Dako (antibody: monoclonal mouse anti-human Mutl protein homolog 1, code M3640), PMS2 according to instructions from Epitomics (using rabbit monoclonal anti-human PMS2, clone EP51) \[[@B5]\], MSH2, according to instructions using monoclonal antibody OAI 219 T60 and MSH6 according to instructions from Epitomics (rabbit monoclonal antibody EP49, rabbit IgG) as previously described \[[@B6]\].

PD-L1 analysis was performed with immunohistochemistry according to instructions from Dako (antibody PD-L1 IHC 22C3 pharmDx, Dako/Agilent).

Evaluation of Tumor MSI with Immunochemistry {#sec2_2}
--------------------------------------------

Immunohistochemical analyses for: arginase 1, AFP and glypican 3, cytokeratin 7 and 19, MUC 1, and carbanhydrase, Ki-67, CK20, vimentin, MUC2, SMAD4, WT1, TTF1, CDX2, chromogranin A, synaptophysin, ER, PR, GATA3, KIT, CD10, CD30, CD31, CD34, inhibin and HCG, OCT3/4, and TFE3 were performed according to regular clinical praxis.

Evaluation of Tumor MSI with PCR {#sec2_3}
--------------------------------

The evaluation was done using 5 quasimonomorphic mononucleotide repeats and pentaplex PCR according to Suraweera et al. \[[@B7]\].

Discussion {#sec1_4}
==========

The prognosis of CHC is in general better than that for CCC, but worse than that for HCC. The overall 3- and 5-year survival in CHC is reported to be 30 and 18%, respectively \[[@B1]\]. The prognosis in metastasized CHC is even poorer.

The large CHC was poorly differentiated and with vascular invasion but tests for viral hepatitis A, B, C and E, as well as cytomegalovirus were negative. There were several poor prognostic factors in the patient. She had a large tumor, initially very high AFP levels, later cisplatin rising AFP during gemcitabine-cisplatin therapy. Large tumor diameter, high AFP and CA19-9 and vascular invasion are all poor prognostic signs \[[@B8]\]. Subsequent pembrolizumab therapy, however, led to a rapid and dramatic treatment response with complete remission that has now been maintained for 33 months from the start of pembrolizumab therapy.

CHC is commonly divided into a classical type and a rarer type with stem cell features. CHC should be separated from the rare condition of having two different tumors (HCC and CCC) simultaneously. The tumor in the present case was a classical type of CHC with the presence of cells with features of both CCC and HCC.

AFP was initially high, 167,000 μg/L, before the liver resection, while CA19-9 was only moderately elevated. In a series of 45 patients with CHC, 62% had an elevated AFP, while only 22% had an elevated CA19-9 \[[@B9]\].

Immune checkpoint inhibitors act by blocking the T-cell checkpoint receptors, such as PD-1, that are responsible for T-cell exhaustion, and thereby potentiate a strong immune response directed against the tumor. Tumors with deficits in DNA mismatch repair can lead to MSI with the accumulation of thousands of somatic mutations. This high mutational burden makes such tumors immunogenic and thereby sensitive to immune checkpoint inhibitor therapies \[[@B10]\]. Indeed, the degree of MSI and mutational load seems to influence the response rate to checkpoint inhibition therapy in general. Interestingly, although we were unable to demonstrate MSI in the tumor, there was still a dramatic response to pembrolizumab on the lung metastases.

By unbalancing the immune system, immune checkpoint inhibitor therapies can trigger autoimmune-like adverse effects, of which gastrointestinal manifestations are fairly common \[[@B11]\]. Immune-related hepatitis affects an estimated 1--4% of patients treated with anti-PD-1 antibodies, and 4--9% of those treated with anti-CTLA-4 antibodies \[[@B11]\]. The patient suffered from both diarrhea and immune-related hepatitis, as well as leg edema that might have been secondary to hypoalbuminemia. These side effects led to cessation of pembrolizumab therapy but resolved with immunosuppressive therapy. Despite immunosuppression therapy, as to date, there are no signs of tumor progression in this case.

Accumulating experience support the use of corticosteroids as first-line treatment of severe immune-related side effects and immunosuppression with, for instance, MMF as second-line \[[@B12], [@B13]\]. Adverse effects and their treatments do not seem to impair the effects of checkpoint inhibitors.

In conclusion, given the dramatic and long-lasting response to checkpoint inhibition therapy in this case with advanced metastatic CHC, further trials are urgently needed in this type of primary liver cancer.
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